Taylor & Francis
Taylor & Francis Group

CHRONOBIOLOGY Ch ronobiology International
INTERNATIONAL

The Journal of Biological and Medical Rhythm Research

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/icbi20

Mitigating fatigue on the flight deck: how is
controlled rest used in practice?

Cassie ] Hilditch , Lucia Arsintescu, Kevin B Gregory & Erin E Flynn-Evans

To cite this article: Cassie J Hilditch , Lucia Arsintescu , Kevin B Gregory & Erin E Flynn-Evans
(2020): Mitigating fatigue on the flight deck: how is controlled rest used in practice?, Chronobiology
International, DOI: 10.1080/07420528.2020.1803898

To link to this article: https://doi.org/10.1080/07420528.2020.1803898

@ Published online: 24 Aug 2020.

N
CJ/ Submit your article to this journal

A
& View related articles &'

@ View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=icbi20


https://www.tandfonline.com/action/journalInformation?journalCode=icbi20
https://www.tandfonline.com/loi/icbi20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/07420528.2020.1803898
https://doi.org/10.1080/07420528.2020.1803898
https://www.tandfonline.com/action/authorSubmission?journalCode=icbi20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=icbi20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/07420528.2020.1803898
https://www.tandfonline.com/doi/mlt/10.1080/07420528.2020.1803898
http://crossmark.crossref.org/dialog/?doi=10.1080/07420528.2020.1803898&domain=pdf&date_stamp=2020-08-24
http://crossmark.crossref.org/dialog/?doi=10.1080/07420528.2020.1803898&domain=pdf&date_stamp=2020-08-24

CHRONOBIOLOGY INTERNATIONAL
https://doi.org/10.1080/07420528.2020.1803898

Taylor & Francis
Taylor &Francis Group

SELECTED PROCEEDINGS: SHIFTWORK 2019

’ W) Check for updates

Mitigating fatigue on the flight deck: how is controlled rest used in practice?
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ABSTRACT

Controlled Rest (CR) refers to a short, unscheduled, voluntary nap opportunity taken by pilots on
the flight deck as a countermeasure to unanticipated fatigue in flight. This study explores the profile
of CR use in a long-haul commercial airline. Forty-four pilots wore actiwatches and filled in an
application-based sleep/work diary for approximately 2 weeks resulting in complete records from
239 flights. Timing of sleep periods and flight schedules were analyzed relative to home-base time.
Pearson correlations were used to assess the influence of pilot demographics on CR use. A mixed-
effects logistic regression was used to analyze the impact of schedule factors on CR. CR was taken
on 46% (n = 110) of flights, with 80% (n = 106/133) of all CR attempts (accounting for multiple CR
attempts on 23 flights) estimated by actigraphy to have successfully achieved sleep. Average sleep
duration during successful rest periods was estimated as 31.7 £ 12.2 min. CR was more frequent on
2-pilot (69%, n = 83) vs. >2-pilot flights (23%, n = 27); return (60%, n = 71) vs. outbound flights (33%,
n = 39); night (55%, n = 76) vs. day flights (34%, n = 34); and <10 h (63%, n = 80) vs. >10 h duration
flights (27%, n = 30) (all p < 0.001). There was no significant difference for direction of travel
(eastbound: 51%, n = 57; westbound: 40%, n = 44; p = .059). Of note, 22% (n = 26) of augmented
flights contained both CR and bunk rest. Data from this airline show that CR is most commonly used
on flights with 2-pilot crews (<10 h duration) and nighttime flights returning to base. Future studies
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are required to determine the generalizability of these results to other airlines.

Introduction

Fatigue due to sleep loss, extended wakefulness, and
circadian disruption is commonly reported amongst
commercial airline pilots (Caldwell 2012; Hartzler
2014; Rosekind et al. 1994a). Fatigue leads to perfor-
mance impairment, which ultimately leads to errors and
accidents that can pose a hazard to flight safety, which is
why the National Transportation Safety Board has fati-
gue on their most wanted list of 2019-2020 ([NTSB]
National Transportation Safety Board 2019). The need
to minimize and manage the risks associated with fati-
gue and related impairments has led to the development
of fatigue risk management (FRM), which encompasses
a range of strategies and tools to help operators and
individuals manage fatigue (Dawson et al. 2012;
Gander 2015). FRM is a shared responsibility between
operators and flight crew, with the operator agreeing to
provide adequate rest opportunities, and crew agreeing
to use these rest opportunities to the best of their ability
to fulfill their responsibility to report fit for duty. Despite
optimized scheduling and effective use of off-duty rest
periods, however, unexpected fatigue can occur in-flight.
Therefore, as part of FRM, a range of countermeasures

to fatigue have been proposed for use on the flight deck
when unanticipated fatigue occurs. For example, the
strategic use of caffeine to promote alertness, or
increased use of crew resource management to ensure
safe operations (Caldwell et al. 2009). Another counter-
measure available in some global regions is Controlled
Rest (CR).

CR refers to a short, in-seat nap taken by a pilot on
the flight deck, within the constraints of a defined policy
([ICAO] International Civil Aviation Organisation
2015). CR differs from bunk rest, undertaken exclusively
by augmented crews (>2-pilots), in which a pilot can
leave the flight deck to take rest in a designated crew rest
facility, often for at least an hour. Further, whereas
augmentation of flights to accommodate bunk rest is
a preplanned scheduling tool, CR should not be used
in this way. CR is also distinct from unintentional nap-
ping (i.e., falling asleep involuntarily on the flight deck)
or uncontrolled rest (i.e. intentionally taking a nap with-
out an approved CR policy). CR is supported by the
International Civil Aviation Organization ([ICAO]
International Civil Aviation Organisation 2015),
Aerospace Medical Association (Caldwell et al. 2009),
and European Aviation Safety Agency ([EASA]
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European Aviation Safety Agency 2018) as an effective
fatigue management strategy. Despite the use and sup-
port of CR by many operators across the world (Fatigue
Countermeasures Working Group 2018; Petrie et al.
2004), little is known about how and when CR is used
in real-world operations.

The use of naps to counteract the negative effects of
sleep loss and circadian pressure has been widely studied
in the laboratory and in operational settings. While the
benefits appear to depend on nap duration, timing,
quality, sleep-wake history, sleep environment, and indi-
vidual differences, an overwhelming majority of studies
demonstrate a clear benefit of naps on alertness and
performance (Ruggiero and Redeker 2014; Sallinen
et al. 1998; Shea et al. 2014).

A few studies have translated these findings from the
laboratory to the flight deck, with promising results for
alertness management (Rosekind et al. 1994b; Valk and
Simons 1997). For example, a comprehensive study by
Rosekind et al. (1994b) trialed the effectiveness of a 40-
min nap opportunity on the flight deck. The study
reported reduced micro-events (defined as >5 s increase
in alpha activity (8-12 Hz), theta activity (3-7 Hz), or
slow-rolling eye movements) recorded by electroencepha-
lography (EEG) and electrooculography (EOG) during
the descent, approach, and landing phases of flight, as
well as faster reaction times as measured by the psycho-
motor vigilance task (PVT). Since this seminal study,
further in-flight studies have demonstrated a benefit of
CR for alertness and performance (Spencer and
Robertson 1999; Valk and Simons 1997).

The current study investigates the use of CR in
a naturalistic setting, that is, CR was not scheduled but
rather taken by pilots as needed across a range of nor-
mally scheduled flights. Previous studies investigating
the real-world use of CR in operations have been limited
to retrospective surveys asking about CR use in the past
12 months (Co et al. 1999; Petrie et al. 2004; Rosekind
et al. 2000), while others have captured limited data on
CR use incidentally as part of larger studies (European
Commission 2018; Gander et al. 1991). The current
observational study aimed to take a snapshot of natural
CR use over a 5-month period (mid-May to mid-
October) in a cohort of pilots from a long-haul com-
mercial airline working normally scheduled operations.

Materials and methods
Participants

Long-haul pilots at a non-US airline were invited to
participate in the study. There were no additional exclu-
sion criteria. The study was approved by the

Institutional Review Board at NASA Ames Research
Center (Protocol HRI-346). All data were de-identified.

Protocol

Each participant collected data over an approximately
2-week period of normal summer scheduling.
Participants were provided with an iPod touch (6™
gen, 10.3.3, Apple Inc., Cupertino, CA, USA) featuring
a custom-built application which allowed them to record
the start time and duration of their in-flight rest periods,
and to designate whether they were controlled rest or
bunk rest periods. Participants also wore an activity
monitor  (Actiwatch ~ Spectrum  PRO,  Philips
Respironics, Murrysville, PA, USA) on their non-
dominant wrist to objectively monitor sleep-wake activ-
ity in 1-min epochs. Participants were trained on how to
use the data collection equipment, but were not given
any extra guidance on CR use other than what was
included in standard Fatigue Risk Management System
(FRMS) training provided by the airline. The airline’s
policy on CR states that CR should be used in line with
fatigue management principles, and that rest breaks
should be a maximum of 45 min, with 20 min for
recovery before returning to flight duties. In addition,
CR should be used only during the cruise phase of the
flight up until 30 min prior to top of descent. Crew must
have a briefing on the allocation of CR and implement
minimum safeguards during the CR period, including
back-up systems for waking the resting pilot.

In-flight rest periods were defined by the rest start and
end times provided by pilots in the in-flight rest section
of the custom-built application. The Actiware algorithm
(v6.0.9, Philips Respironics, Murrysville, PA, USA) was
then used to estimate sleep duration within these rest
periods. The software was set to the medium threshold
(wake threshold 40) with sleep onset/offset thresholds set
at 10 min of immobility. Successful rest periods were
defined as rest periods in which the Actiware estimated
at least one epoch (1 min) of sleep. To allow for analysis
of the influence of scheduling factors on in-flight rest,
sleep data were matched to flight schedules provided by
the airline. The dataset was cleaned for complete and
matching data collected within the enrollment period
on long-haul flights (>6.5-h flight duty period) excluding
dead headings (i.e., traveling on an aircraft as a passenger
to commute to/from the work location).

Statistical analyses

All analyses were performed using IBM SPSS Statistics
v25. The association between pilot demographics and
CR was assessed using a Pearson correlation. The



influence of scheduling factors and pilot qualification
(Captain vs. First Officer) on CR was assessed using
a mixed-effects logistic regression model with partici-
pant as a random intercept. Due to low numbers, north/
south flights were excluded from the direction of travel
analysis. For completeness, this analysis was repeated
with north/south flights included, which yielded the
same outcome. The analysis excluding north/south
flights is presented here.

Results

Forty-five pilots consented to participate (3 female). One
participant was excluded from analysis due to loss of
actigraphy data. Specific analyses related to in-flight rest
timing excluded an additional two participants due to
a device fajlure. Participant demographics are displayed
in Table 1. Participants included 19 Captains and 25
First Officers.

Flight summary

The final dataset included 239 flights. Each participant
contributed an average (+ SD) of 5.5 (+ 1.8) flights.
Table 2 displays the distribution of flight types in the
‘Total Flights’ column. Overall, flight types were evenly
distributed and reflective of the typical long-haul opera-
tions of the airline.

In-flight rest summary

CR was attempted on 46% (n = 110) of all observed
flights (Table 2), with 10% of all flights (n = 23) includ-
ing two CR periods. Bunk rest was taken on 48%
(n = 115) of all observed flights. CR was combined
with bunk rest on 11% of all flights (n = 26). CR was
taken before bunk rest on 62% (n = 16) of these com-
bined rest flights. When CR followed bunk rest, the
bunk opportunity always began outside of the home-
base night (00:00-08:00 h). No rest was reported on 17%
(n = 40) of all flights. Five pilots (contributing to 10% of
all flight observations) did not report any CR periods.
Of the 133 CR periods reported, 80% (n = 106) were
estimated by actigraphy to have been successful (i.e.,

Table 1. Participant demographics (N = 44).

Mean + SD Range
Age (years) 43.7 £ 10.0 30-60
BMI (kg/mz) 247 +25 19.8-33.2
Experience (total commercial flight 9539.8 + 5191.1 2800-20000
hours)

7.7 %08 6-9

SD, standard deviation; BMI, body mass index; kg/mz, kilograms per meter
squared.

Self-reported sleep need (hours)
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sleep was initiated). Average CR attempt duration was
43.1 (+ 11.0) min (range 15-70 min). The mean (+ SD)
of estimated sleep in successful CR periods was 31.7 (+
12.2) min. When considering all CR attempts (successful
and unsuccessful) the estimated average sleep was 25.3
(+ 16.8) min. Figure 1 shows the distribution of CR
attempts across time of day. CR attempts were most
common during the participants’ home-base night
(00:00-08:00 h).

Influence of pilot demographics on controlled rest

Captains reported taking CR on 38% of flights (n = 39/
102), compared to First Officers reporting 52% (n = 71/
137) of flights with CR, but this was not significantly
different (F, 3, = 2.4; p = .131; OR: 1.92; 95% CI: 0.82-4.51).
Of note, four of the five pilots who did not report any CR
on any flight were Captains. Age, experience, BMI, and
sleep need were not associated with the percentage of
flights with CR (all p > .244).

Influence of scheduling factors on controlled rest

The distribution of CR across different flight types can
be seen in Table 2. CR was significantly more likely to be
taken on return flights vs. outbound flights (F; 53, = 19.9;
p < .001; OR: 3.78. 95% CI: 2.10-6.79), 2-pilot vs.
>2-pilot flights (F, 5, = 39.0; p < .001; OR: 9.20; 95%
CI: 4.57-18.52), <10 h vs. >10 h flight duration (F; »3;
= 24.6; p < .001; OR: 5.55; 95% CI: 2.81-10.97), and
night (flights departing between 16:00-04:00 h home-
base time, which includes flights taking-oft or landing
during the night) vs. day flights (F, 37 = 12.0; p = .001;
OR: 2.86; 95% CI: 1.57-5.20). Direction of flight (east-
ward vs. westward) did not significantly influence CR
(Fia10 = 3.6; p = .059; OR: 1.75; 95% CI: 0.98-3.11),
although there was a trend toward more frequent use on
eastward flights.

Closer inspection of outbound and return flights
revealed that most return flights were scheduled at
night, and most outbound flights were scheduled during
the day (Figure 2). Similarly, most 2-pilot flights were
<10 h and most augmented flights were >10 h. To
determine the relative contribution of each factor,
a secondary analysis using a model including each sche-
duling factor was used. When controlling for other
factors, this model revealed that significant effects
remained for number of crew (F;,3, = 15.4; p < .001;
OR: 51.37, 95%CI: 7.13-370.27), time of day (F;.s,
=6.1; p = .014; OR: 3.15, 95% CI: 1.26-7.87), and out-
bound/return (F; 53, = 6.0; p = .015; OR: 2.83, 95% CI:
1.22-6.53), but not for flight duration (F;,3, = 1.33;
p =.250; OR: 0.39, 95% CI: 0.05-2.21).
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Table 2. Number of flights (% of flight subcategory) with an attempted Controlled Rest (CR) and/or Bunk Rest (BR) period by schedule

factor.
Flight type Controlled Rest (CR) Bunk Rest (BR) CR with BR No rest Total flights
ALL 110 (46%) 115 (48%) 26 (11%) 40 (17%) 239
Flight Leg
Outbound 39 (33%)* 57 (48%) 10 (8%) 34 (28%) 120
Return 71 (60%) 58 (49%) 6 (13%) 6 (5%) 119
Direction of Travel
Eastward 57 (51%) 51 (46%) 9 (8%) 12 (11%) m
Westward 44 (40%) 53 (48%) 11 (10%) 24 (22%) 110
North/South 9 (50%) 1(61%) 6 (33%) 4 (22%) 18
Crew Size
>2 pilots 27 (23%)* 113 (95%) 26 (22%) 5 (4%) 119
2 pilots 83 (69%) 2 (2%) 0 (0%) 35 (29%) 120
Duration
<8h 35 (80%) 0 (0%) 0 (0%) 9 (20%) 44
>8-10 h 45 (54%) 15 (18%) 1(1%) 25 (30%) 84
>10-12 h 25 (27%) 83 (89%) 20 (22%) 5 (5%) 93
>12h 5 (28%) 17 (94%) 5 (28%) 1 (6%) 18
Short (<10 h) 80 (63%)* 15 (12%) 1(1%) 34 (27%) 128
Long (>10 h) 30 (27%) 100 (90%) 25 (23%) 6 (5%) m
Departure Time
00:00-03:59 27 (61%) 21 (48%) 5(11%) 1 (2%) 44
04:00-07:59 7 (41%) 12 (71%) 2 (12%) 0 (0%) 17
08:00-11:59 11 (61%) 1 (6%) 0 (0%) 6 (33%) 18
12:00-15:59 16 (25%) 31 (48%) 0 (0%) 19 (30%) 66
16:00-19:59 8 (33%) 16 (67%) 7 (29%) 8 (33%) 25
20:00-23:59 41 (59%) 34 (49%) 12 (17%) 6 (9%) 69
Day (04:00-15:59) 34 (34%)* 44 (44%) 2 (2%) 25 (25%) 101
Night (16:00-03:59) 76 (55%) 71 (51%) 24 (18%) 15 (11%) 138

*Indicates p < .001 compared to the cell below. Test of significance only applied to CR column. See text for further statistical details.

Discussion

This is the first study to report on the prevalence and
distribution of naturalistic Controlled Rest (CR) during
regular commercial airline operations. The study showed
that CR was used on nearly half of all long-haul flights and
that pilots were able to obtain sleep in the majority of these
CR attempts. CR was most commonly taken on 2-pilot
return flights during the home-base night, but was also

00:00-03:59 04:00-07:59 08:00-11:59 12:00-15:59 16:00-19:59 20:00-23:59

Number of CR attempts

50
45
40
35
30
25
20
15
10

o un

observed in combination with bunk rest on augmented
flights. These results suggest that CR is a frequently used
in-flight countermeasure to fatigue, especially during night
flights and when bunk rest is not available.

In our study, 80% of CR periods were estimated by
actigraphy to have contained sleep. Of those successful
CR periods, pilots were able to achieve 32 min of sleep
on average. This sleep duration is greater than that
reported by Rosekind et al. (26 min; Rosekind et al.

B Successful

O Unsuccessful

CR Start Time (Home Base Time)

Figure 1. Number of successful (with sleep; black bars) and unsuccessful (without sleep; white bars) Controlled Rest (CR) attempts by
time-of-day relative to the participants’ home-base time.
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Return

Flight Type

Figure 2. Percentage of flights with a Controlled Rest (CR) attempt by direction (Outbound vs. Return) and time (Night, black bars vs.

Day, white bars) of flight.

1994b) and Valk and Simons (15 min; Valk and Simons
1997), and less than Spencer and Robertson (47 min;
Spencer and Robertson 1999). Further, the success rate
of CR in our study fell between Rosekind et al. (93%;
Rosekind et al. 1994a) and Valk and Simons (41-48%;
Valk and Simons 1997). Spencer and Robertson (1999)
did not report the success rate of CR. Our results are
likely to differ due to a number of factors. First, our
study was conducted under naturalistic settings, allow-
ing pilots to take CR if and when they needed to, rather
than pre-planning CR as an intervention. This should
increase the success of CR periods as we assume pilots in
this cohort were taking them when they were sleepy.
Second, although the average CR period duration was
43 min, rather than having a fixed 40-min rest period,
pilots reported taking rest periods between 15 to over
60 min long, allowing for a greater range, and greater
potential for longer sleep durations. Finally, we assessed
sleep using actigraphy, which has been shown to over-
estimate in-flight sleep relative to EEG (Signal et al.
2005). Our observations show that taking CR in normal
operations is an effective strategy for obtaining sleep in-
flight.

Our analysis revealed that CR was most commonly
used at night. These findings are in line with previous
observations of napping on the flight deck (European
Commission 2018; Sallinen et al. 2017; Spencer and
Robertson 1999). For example, in a recent large-scale
study of European airline pilots, 27% of all night flights
>10 h duration contained CR (European Commission
2018), comparable to 35% of the same flights in our
sample. It is not surprising that crew might experience

unexpected fatigue during the biological night. The cir-
cadian drive for sleep is at its highest during the biolo-
gical night (Borbély 1982). Studies of night shifts across
multiple industries show higher levels of sleepiness, fati-
gue, performance impairment, and work-related injuries
compared to day shifts or days off (Dorrian et al. 2011;
Folkard et al. 2005; Harma et al. 2002). These effects can
persist even if minimum rest requirements are met
before the shift, as the sleep opportunity is often at
a time when it is difficult to sleep due to the circadian
drive for wakefulness (Borbély 1982; Ferguson et al.
2010; Silva Borges and Fischer 2003). Therefore, even if
pilots have used their oftf-duty period responsibly and
reported fit for duty at the start of a night shift, they may
still encounter unanticipated fatigue during a night
flight.

Our study also shows that fatigue can occur on any
length flight that operates at times when the pilots would
normally be sleeping. Indeed, as we see in our sample,
CR was taken on 76% of night flights less than 10 h in
duration. Moreover, a recent study by Sallinen et al.
(2017) reported that 29% of nighttime short-haul flights
(<6 h flight duty period) contained CR. Our secondary
analysis showed that the use of CR on short night flights
is likely due to the limited crew size on these flights
(2-pilot) which does not allow for bunk rest. The greater
frequency of CR periods taken in these conditions may
indicate a high prevalence of fatigue due to sleepiness on
these flights. Further research is needed in this area to
disentangle the factors driving the use of CR on night
flights <10 h. In addition, this finding highlights the
value of collecting information on CR use to help focus
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fatigue risk management efforts within an operation.
Our results suggest that there is a need for careful fatigue
management on night flights, regardless of their length,
and that CR is currently being used by pilots to manage
this fatigue risk.

Despite the strong effect of crew size on CR like-
lihood, a surprising finding from this study was the use
of CR on augmented flights, that is, flights on which
pilots also had a bunk rest opportunity. In these cases,
we hypothesized that CR would be most useful when the
bunk rest was allocated at an adverse time for sleep (i.e.,
during the biological day), or when the bunk rest oppor-
tunity did not result in sleep (e.g., due to other distur-
bances such as turbulence or cabin noise). In previous
studies, pilots have reported multiple disturbances to
bunk rest (Amann et al. 2014; Marqueze et al. 2017;
Rosekind et al. 2000) or simply not feeling tired enough
to sleep (Holmes et al. 2012). Marqueze et al. (2017)
found that 52% of pilots surveyed rated their in-flight
bunk rest environment as below average, which was
associated with a 34% increased risk of falling asleep
unintentionally on the flight deck. When looking at
our data, we found that while there were more observa-
tions of CR being taken before bunk rest within a flight,
when CR was taken after bunk rest, it was following
a bunk rest opportunity outside of the home-base
night (00:00-08:00 h). The length of sleep obtained
during bunk rest, however, was comparable for bunk
rest taken with or without CR. Interestingly, two-thirds
of bunk rest opportunities for Captains were during the
home-base night, compared to less than 50% for First
Officers. This may explain the non-significant trend
toward more frequent use of CR in First Officers versus
Captains. Together, these findings demonstrate that
unexpected fatigue due to sleepiness may occur even
on flights in which a rest opportunity in a designated
facility is provided, suggesting that CR is a valuable
countermeasure to unexpected fatigue due to sleepiness
on both un-augmented and augmented flights.

Just as sleep in a designated rest facility may be dis-
turbed in-flight, so too might the sleep on the flight deck
(Spencer and Robertson 1999; Valk and Simons 1997).
In addition to the disturbances noted for bunks above,
the angle of seat recline is directly related to the ability to
sleep, with sleep quantity and quality increasing in
a dose-dependent manner as the angle approaches 90°
to vertical (i.e., flat) (Roach et al. 2018). Therefore, it is
important to consider the flight deck environment when
determining the ability to sleep during CR. Pilots are
encouraged to recline the seat as far as possible and to
use ear plugs and eye masks to reduce the risk of being
disturbed during CR. We did not collect data on the
strategies used to prepare for successful CR in this study.

A future survey asking pilots about the strategies used to
prepare for CR and the perceived barriers to successful
CR would help to identify ways to improve the success of
CR attempts. While the majority of CR attempts were
deemed successful in this study, the ability to sleep
during a CR attempt - or the ability to take CR at all
(e.g., cruise phase too short, nonstandard operations,
etc.) — is not guaranteed. Therefore, CR, as a tool to
manage unexpected fatigue, should not be relied upon as
a mitigation strategy in lieu of arriving fit for duty, nor to
justify flight time limit extensions. All other fatigue
mitigation strategies should still be employed, including
optimized scheduling and protection of minimum rest,
with CR used as a last resort, in-flight alertness tool
when required and available.

It is important to note that while there are consider-
able benefits to CR, there are also potential risks. The
most recognized risk is sleep inertia. Regulations recom-
mend that 20 min of recovery time is planned following
a napping period to allow for the dissipation of any
potential sleep inertia ([ICAQO] International Civil
Aviation Organisation 2015; Fatigue Countermeasures
Working Group 2018). Further, CR periods are often
limited to 40 min to allow sufficient time for sleep to be
achieved, while reducing the risk of going into deep
(slow wave) sleep, which is often correlated with more
severe sleep inertia (Dinges et al. 1985). It is important to
note, however, that the relationship between slow wave
sleep (SWS) and sleep inertia is inconsistent in short
naps (Hilditch et al. 2017a). In addition, the relationship
between nap length and SWS presence is based on
several factors including prior sleep-wake history, such
that limiting nap duration does not always prevent SWS
onset (Brooks and Lack 2006; Hilditch et al. 2016,
2017b). Thus, a sleep inertia recovery period is needed
regardless of nap length. Another risk relates to the
alertness of the wakeful pilot during the CR period.
Prior sleep-wake history of the wakeful pilot is impor-
tant to consider as less sleep before a flight is associated
with higher fatigue levels in-flight, potentially increasing
the risk of unintentional sleep during the CR period
(Sallinen et al. 2018). Therefore, best practice guidelines
recommend that the ability of the wakeful pilot to main-
tain alertness during the CR period is discussed during
the briefing for CR and that an alarm system, usually
involving cabin crew, is in place (Fatigue
Countermeasures Working Group 2018). Establishing
evidence-based best practice to manage the risks asso-
ciated with CR can improve the cost-benefit analysis of
implementing CR as a fatigue countermeasure tool.

While these guidelines and policies for reducing the
risks associated with CR are evidence-based and sup-
ported by both laboratory and experimental field-based



studies, it is important to assess the implementation of,
and compliance with, these policies in regular flight
operations. Although our report demonstrates that
most pilots appeared to follow the CR procedure at the
airline, a few individuals reported taking a longer CR
than their carrier’s policy. It is difficult to determine
whether such deviations resulted from lack of under-
standing about the appropriate procedures or from
excessive fatigue. However, these findings highlight the
need for operators to assess how FRM policies are used
in practice. Comparing actual CR use against CR policy
allows for the assessment of the effectiveness of specific
procedures and potentially the need for re-training of
pilots, or re-drafting of guidance documents.

Identifying the routes that CR is most commonly
used on also provides the airline with data to feed into
their FRM program. For example, an un-augmented
flight pairing on which pilots consistently take CR
may point to the need for augmentation or additional
rest opportunity before the flight. CR, therefore, has the
potential to provide continuous, system-wide feedback
on the fatigue profile of an operation. It should be
noted, however, that we have assumed CR was taken
according to the policy guidelines with respect to the
intention for CR to be taken as a countermeasure to
unexpected fatigue due to sleepiness on the flight deck.
In this way, we assume the use of CR to be a proxy for
fatigue arising from sleepiness. We cannot, however, be
sure that CR was used exclusively for this purpose.
Conversely, the absence of CR does not necessarily
indicate an absence of fatigue. There are many reasons
why CR may or may not have been taken, including
personal fatigue management strategies, access to bunk
rest, airline culture, and local regulations. Therefore,
any conclusions regarding the potential need for fati-
gue controls on flights which show higher levels of CR
use must be interpreted with this caveat in mind. More
direct measures of fatigue are needed in addition to the
current data in order to determine the most effective
use of fatigue controls.

While it is important to assess the implementation
and effectiveness of CR policies and to manage the risks
associated with CR, in regions in which CR is not cur-
rently allowed by the aviation regulator (e.g., United
States, Brazil), napping on the flight deck occurs in the
absence of a formalized policy or risk management
controls. Surveys indicate that 39-58% of pilots admit
to taking an intentional nap (Co et al. 1999; Rosekind
et al. 2000) or unintentionally falling asleep on the flight
deck (Marqueze et al. 2017) during flight. Hence, the
prevalence of “uncontrolled” flight deck napping, either
unintentionally or intentionally without a CR policy,
strengthens the argument for CR as a useful tool to
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minimize the occurrence of these uncontrolled sleep
episodes on the flight deck.

Just as aviation faces challenges in implementing
napping strategies to combat fatigue, other industries
such as healthcare, emergency services, and road trans-
port have also identified and addressed unique barriers.
Those industries that have recognized the potential of
napping in the workplace have developed and trialed
strategies to improve napping environments both phy-
sically and culturally (Baxter and Kroll-Smith 2005;
Darwent et al. 2012; Fallis et al. 2011). Sharing the
lessons learned from one industry or workplace can
help others to think of novel ways to incorporate on-
site napping as a countermeasure to fatigue in diverse
environments. When barriers and challenges are over-
come, napping opportunities have often been shown to
translate into improvements for sleep, alertness, perfor-
mance, and safety (Martin-Gill et al. 2018; Ruggiero and
Redeker 2014; Shea et al. 2014).

While some of the lessons learned from this study
can be shared within aviation and across industries, the
specific results are limited to the participating airline.
Replica studies across multiple airlines are needed in
order to determine the generalizability of these results
to other airline cultures, operations, and regions. To
increase the scope of data collection, a global, compre-
hensive survey of CR use and other in-flight fatigue
countermeasures could be conducted. There is the
potential that the participants in the study, in volun-
teering, created a selection bias toward pilots who use
CR regularly and were therefore more interested in the
study. That said, we did not mention CR in our
recruiting strategy and 11% of the cohort did not
report any CR periods, suggesting that pilots who
never, or infrequently use CR were not excluded from
the sample. Further, the profile of flights captured in
the study was representative of the airline’s normal
flight operations.

Conclusion

Controlled Rest (CR) is a commonly used countermea-
sure to fatigue due to sleepiness on the flight deck in the
observed airline. Flight crew were more likely to take CR
on flights: crewed by 2-pilots (mostly under 10 h dura-
tion), flown at night, and returning to their home-base.
CR was also taken, however, on augmented flights on
which a bunk rest opportunity was available. The results
of this study highlight the usefulness of CR as a tool
available to flight crew to manage fatigue experienced
in-flight. Further research is needed to determine the
generalizability of these results to other operations and
to assess the efficacy of CR to maintain crew alertness
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during critical phases of flight.
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